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ABSTRACT
Mammal and Bird Trackways in the Miocene Horse 
Spring Formation, Clark County, Nevada
by
Michele M. Jones
Dr. Stephen M. Rowland, Examination Committee Chair 
Professor o f Geology 
University o f Nevada, Las Vegas
The Thumb Member of the Miocene Horse Spring Formation contains a vertebrate 
track assemblage of mammal (camel and carnivore) and avian footprints. Camelid tracks 
identified are Lamaichnum alfi, Lamaichmm macropodum, and Lamaichnum 
etoromorphum. Carnivore tracks include canid tracks (Canipeda sp.) and a possible felid 
track {Felipedal sp.). One canid trackway records a c-shaped pattern, which is 
apparently the fist documentation of a rotary gallop gait in Miocene canids. Five types of 
bird tracks, four of which are previously undescribed, also occur. They are: I) Alaripeda 
lofgreni, 2) Avipeda sp. A, 3) Avipeda sp. B, 4) Anatipeda sp. A, and 5) a new, previously 
undescribed track type in the Morphofamily Gruipedidae.
A summary of the eight known Miocene track-bearing formations (including the 
Horse Spring Formation) in the western United States indicates that an ichnofacies of 
Miocene mammal and bird tracks associated with lacustrine deposits is beginning to 
become apparent.
I l l
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CHAPTER 1 
INTRODUCTION
The Thumb Member o f the Miocene Horse Spring Formation contains a vertebrate 
track assemblage o f mammal and avian footprints. These fossil footprints are particularly 
important because very few documented body fossils (skeletal remains) are known from 
the Miocene in southern Nevada. With fewer than twenty Miocene vertebrate tracksites 
known from the western United States (Figure 1), this study o f Horse Spring Formation 
tracks also w ill contribute significantly to the limited database o f Miocene vertebrate 
tracks.
The importance of vertebrate ichnoloev
Ichnology, the study o f trace fossils (including fossil footprints), provides information 
that is not available from the bone record. These types o f fossils record the behavior of 
extinct animals, whereas fossil skeletons record only the size and shape o f an animal. In 
the eyes of an ichnologist, this makes the vertebrate track record far superior to the 
skeletal record, although both are needed to study the paleobiology o f extinct animals.
Vertebrate paleontologists have traditionally considered the vertebrate track record to 
be inadequate and inferior to the skeletal record in terms o f both quality and quantity 
(Lockley and Hunt, 1995). In terms of quality, skeletal remains can often be identified to 
the species level, whereas most tracks can usually only be confidently identified to the 
family level o f the probable trackmaker (Lockley and Hunt, 1995).
1
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(modified from Lockley and Hunt, 1995).
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Due to this uncertainty, tracks are classified using a taxonomic nomenclature that is 
independent from the nomenclature used for skeletal remains. This helps to prevent a 
track type from being inadvertently attributed to the wrong trackmaker since often times 
no skeletal remains are preserved in the same layer as the tracks (Saijeant, 1990; Lockley 
and Hunt 1995). In terms of quantity, tracks are potentially much more abundant than 
bones due to the simple fact that each individual animal has only one skeleton but can 
make thousands of tracks (Lockley and Hunt, 1995).
In the past ten to fifteen years the field o f vertebrate ichnology has greatly expanded, 
to the point that tracks are now known to be more common than skeletal remains in the 
fossil record (Lockley, 1991). Tracks, which often occur in strata in which no bones are 
preserved, therefore help f ill some in the gaps o f the vertebrate fossil record (Lockley and 
Hunt, 1995).
Studies o f fossil tracks contribute information that can enhance paleobiological and 
paleoenvironmental analyses. Contributions to paleobiology may include the following: 
1) taxonomic identification o f the tracks and the probable trackmaker, 2) diversity and 
relative abundance o f trackmakers, 3) behavioral characteristics such as locomotion, 
speed, and herding, 4) biostratigraphic correlation, 6) paleogeographic range and 7) 
evolutionary trends o f individual species (Lockley, 1986). Paleoenvironmental 
contributions may include 1) identification o f specific paleoenvironments, 2) recognition 
o f shoreline profiles, 3) estimation of relative water depth, 4) estimation of water content 
o f sediments, 5) taphonomy of footprints, and 6) depositional/climatic cyclicity at sites 
with multiple track-bearing horizons (Lockley, 1986).
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Tertiary Track Record 
The Cenozoic Era was a time o f intense diversification o f mammals and birds, and 
the Cenozoic track record reflects this diversity. Vertebrate tracks in the Paleozoic and 
the Mesozoic have been well studied, but Cenozoic vertebrate tracks have generally been 
overlooked by paleontologists and have only recently received systematic study.
Lockley and Hunt (1995) summarized the known track-bearing formations o f the 
Cenozoic in the western United States, reporting fewer than fifty  tracksites. A  majority 
of these sites occur in Tertiary strata (Figure 1). However, authors reporting Cenozoic 
tracks often indicate that the track record is far more widespread, and that our knowledge 
of Tertiary and Quaternary tracks w ill likely increase dramatically as they receive 
systematic study (Lockley and Hunt, 1995).
Miocene Fossil Record 
The Miocene Epoch lasted for 18 million years (23 mya -  5 mya). In North America 
it is divided into five North American Land Mammal Ages (NALMAs), which are useful 
biostratigraphic intervals for vertebrate paleontologists studying Cenozoic sediments. A 
distinctive fauna of land mammals that coexisted together or has its first or last 
appearance during that age distinguishes each Land Mammal Age. Table 1 lists the name 
and age range o f each Miocene NALMA.
The Thumb Member o f the Horse Spring Formation ranges in age from 16.2 to 13.2 
Ma (Bohannon, 1984; Castor et al., 2000) which is very late Hemingfordian to 
Barstovian. The vertebrate tracks in this study do not occur at the very base of the 
section and are therefore all likely to be Barstovian. The Barstovian NALMA is named
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
for the assemblage of mammalian species from the Barstow Formation of the Barstow 
Syncline in southeastern California (Wood et al., 1941).
Table 1: Miocene North American Land Mammal Ages (NALMAs). The dates are 
calibrated in million of years ago (Ma) (Woodbume, 1987).
North American
Land Mammal Ages (NALMAs)
Age Range
Hemphillian 4.5 to 8.0 Ma (extends into the Pliocene)
Clarendonian 8.1 to 11.5 Ma
Barstovian 11.6 to 16.0 Ma
Hemingfordian 16.1 to 23.0 Ma
Arikareean 23.1 to 29.0 Ma (extends into the Oligocene)
The Miocene skeletal fossil record spans a time o f remarkable evolution. By the end 
of the Miocene, the mammalian fauna virtually mirrors modem composition at the family 
level (Kurten, 1972). Common elements o f North American Miocene fauna are 
proboscideans (gomphotheres and mastodons); perissodactyls, including rhinos, horses, 
and chalicotheres; artiodactyls, including oreodonts, camels, antilocaprids, and bovids; 
carnivores, including felids, canids, bears, and amphiocyonids (bear-dogs); rodents and 
bats (Kurten, 1972; Savage and Russell, 1983).
Horses, camels, and antilocaprids were especially abundant during the Miocene o f 
North America. This has been directly correlated to the spread o f grasslands on the North 
American savannas and prairies, and to the great volume o f volcanic-silicic dust that fell 
in the western United States (Savage and Russell, 1983; MacFadden, 1992). These 
groups o f animals had hypsodont (high-crowned or ever-growing) teeth that likely 
developed as an adaptive response to the abrasive environment of tough, siliceous grasses 
and silica-dust-covered vegetation (Savage and Russell, 1983; MacFadden, 1992).
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Purpose and significance o f study 
The Horse Spring Formation vertebrate track assemblage is the first extensively 
documented occurrence of Miocene fossils in southern Nevada. This study has two main 
components: 1) systematic description and interpretation of the tracks in the Horse Spring 
Formation, and 2) sedimentological analysis o f the Thumb Member of the Horse Spring 
Formation to determine the depositional environment in which the tracks were made.
The first component involves the documentation, description, and interpretation o f the 
mammal and bird tracks of the Horse Spring Formation. The second component involves 
a detailed description and sedimentological interpretation o f three measured sections in 
the Thumb Member to determine the depositional environment. A third component, the 
compilation o f data from all known Miocene track-bearing units o f the western United 
States, allows the Horse Spring Formation trackways to be compared with those at other 
localities in terms o f track diversity, distribution, and behavior o f the trackmakers.
The fossil tracks in this study occur just outside the boundary o f the Lake Mead 
National Recreation Area (LMNRA), on public land managed by the Bureau o f Land 
Management (Figure 2). The Horse Spring Formation extends well into the LMNRA, so 
this study may be useful to land managers from both agencies. Vertebrate tracks are 
currently not properly recognized and protected on public lands, and I hope that this 
study w ill call attention to this important paleontological resource. This study w ill also 
provide paleontologists information about animal populations and environmental 
conditions in southern Nevada during the Miocene.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEVADA
Valley o f Fire 
State Park
HS-4Echo Wash
HS-6
HS-3 W
Echoc,
EWI HS-f/ 
EWni
Lovell Wash
IIS-5;' South
Virgin
Mountains
Sunrise
Mountain Northshore
Road
Lake Mead Blvd.
Frenchman
Mountain jCallville Bay
Lava
Butte'
Lake Mead National Recreation Area boundary outlined in bold
lUkni
Figure 2: Location map indicating the field area for this study. Tracksites documented 
in this study are noted as HS-1, HS-2, HS-3, HS-4, HS-5, HS-6, and HS-7. The three 
stratigraphie sections measured for this study are noted as EW I, EW II, and EW III. 
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CHAPTER 2 
SEDIMENTOLOGY AND DEPOSITIONAL 
SETTING
The Miocene Horse Spring Formation is approximately 2,500 m thick and is 
composed o f non-marine clastic, carbonate, and evaporite deposits. It is divided into four 
members; from oldest to youngest these are: Rainbow Gardens Member, Thumb 
Member, Bitter Ridge Limestone Member, and Lovell Wash Member (Bohannon, 1984). 
Figure 3 shows the lithology, stratigraphy, and ages o f the Horse Spring Formation 
members. The tracks described in this thesis occur in the Thumb Member (Kissell,
1998). They were discovered in Callville Wash, Lovell Wash, and Echo Wash (Figure 
2).
Estimated to be as thick as 1,300 m in some areas, the Thumb Member is composed 
o f claystone, mudstone, siltstone, sandstone, conglomerate, and breccia, with fine- to 
medium-grained sandstone being the dominant lithology. Evaporites are present as 
primary laminated gypsum crusts up to 20 m thick, and as individual granule-size 
gypsum crystals. The Thumb Member ranges in age from 16.2-13.2 Ma based on fission- 
track and K-Ar dates on zircons extracted from airfall tu ff beds (Bohannon, 1984; Castor, 
et al., 2000).
The Thumb Member was deposited in a deep, fault-bounded basin that formed in 
response to incipient activity on the Las Vegas Valley Shear Zone and the Lake Mead 
Fault System (Bohannon, 1984). Horse Spring Formation strata were subsequently
8
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deformed and fragmented by extension associated with these fault systems. This 
deformation and fragmentation was synchronous with Horse Spring sedimentation 
(Bohannon, 1984). Subsequent faulting has made correlation o f the measured sections in 
this study uncertain.
11.0-
11.9
Lovell
Wash
Member
13.0
itil
14.9
0
u
I Rainbow 
Gardens 
Member
Figure 3: General lithology, stratigraphy, and ages o f the Horse Spring Formation 
members. Dates are Ma. Section is 2,500 m thick. From Bohannon (1984).
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Description o f measured sections
To better define the sedimentology and depositional processes o f the Thumb Member,
I measured three sections in Echo Wash. The approximate locations o f these sections are 
indicated as EW I, EW II, and EW III on Figure 2. In this chapter I summarize the 
lithologies, sedimentary structures, and subaerial exposure indicators within each section, 
and I provide a stratigraphie column for each section. Detailed descriptions and 
interpretations of the three sections are given in Appendix I. A section in Callville Wash 
and another in Lovell Wash were also examined, but not measured in detail; summaries 
o f these two sections are included in this chapter for comparison with the Echo Wash 
sections. Table 2 is a summary o f fifteen distinct lithofacies that I  identified within the 
Thumb Member.
Due to the structural complexity o f the area and the absence o f marker beds, it is not 
possible to precisely correlate the Echo Wash sections to the Callville and Lovell Wash 
sections. However, well-established constraints are associated with the Echo and Lovell 
Wash sections. The three Echo Wash sections are above the base o f the Thumb Member. 
The Lovell Wash section, in contrast, is at the top of the Thumb Member. Placement of 
the Callville Wash section is uncertain due to a lack o f stratigraphie control, but it is 
probably in the middle o f the Thumb Member. This inference is based on the more than 
100 meters o f section separating the Callville Wash section from the Echo Wash sections, 
and the fact that the Bitter Ridge Limestone Member is not observable in the Callville 
Wash section.
Bohannon (1984) described the bedding throughout most of the Thumb Member to be 
parallel and continuous. However, the three sections measured in Echo Wash as part of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
11
Table 2: Description of lithofacies found in the Thumb Member o f the Horse Spring 
Formation during this study.
Facies Name Description
1 Fine-pebble conglomerate Poorly sorted, contains crossbedding 
and rip-ups, locally contains sand 
lenses
2 Graded beds Normal grading, meter-scale, very 
thinly bedded
3 Poorly sorted 
sandstone/structureless
Medium to coarse-grained, poorly 
sorted, +/- faint stratification
4 Coarsely graded beds Very coarse grained, fine-tailed 
grading at top, loading structures, 
scoured tops
5 Fine-pebble
conglomerate/pebbly
sandstone
Poorly sorted, possible reverse grading 
at the bottom and fining at top
6 Interbedded sandstone, 
siltstone, mudstone, and 
claystone
Lower flow-regime ripples with sands 
and silty beds, clay/muds = suspension
7 Intraformational
conglomerate
Clasts of Facies 6, multiple assymetric 
ripples (E-SE transport), some siltstone 
caps (display cm scale horizontal 
bioturbation)
8 Aphyric felsic tuff Very thinly bedded, white to green in 
color
9 Phyric felsic tuff Coarse-grained, pervasively rippled, 
lensoidal rip-ups
10 Mudstones Very thinly bedded, mudcracks filled 
with fine sand
11 Parallel laminated aphyric 
tuff
Thinly bedded, fine-grained
12 Tuffaceous sandstone Medium-grained, lensoidal rip-ups of 
tuff
13 Planar laminated/rippled 
sandstone
Variable grain size (fine-medium- 
grained sand)
14 Matrix-supported 
debris flow
~3 m thick, rounded to angular clasts, 
tuff clasts floating on top
15 Primary gypsum Nodular, thinly bedded
this study clearly show that a majority o f the beds are lenticular in nature, although 
tabular bedding does occur in lesser amounts. Subaerial exposure indicators were not 
recognized by Bohannon (1984), nonetheless, I observed numerous subaerial exposure
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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indicators, including root casts, mammal and bird tracks, desiccation structures, and salt 
crystals and casts. Figure 4 is a photograph o f a typical exposure o f the Thumb Member 
in Echo Wash.
Echo Wash I
The first measured section in Echo Wash is composed primarily o f medium-grained 
sandstone (Figure 5). Bedding thickness ranges from 10 to 40 cm. Contacta between 
beds are sharp and distinct. Interbedded sandstone, siltstone, mudstone, and claystone 
also occur in the section, with parallel laminae within these Ethologies. Gypsum 
precipitate is common in the form of primary gypsum crusts as well as transported 
gypsum clasts and salt-cast crystals.
Figure 4: A typical exposure of the Thumb Member in Echo Wash.
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Sedimentary structures include normally graded beds, parallel laminations, convolute 
bedding, load casts, and rippled, medium-grained sandstone. Subaerial exposure 
indicators include root casts, bird tracks, and euhedral salt casts and crystals. Also 
observed are polygonally cracked surfaces preserved as natural casts on the undersides o f 
beds (Figure 6). These polygons, up to 30 cm across, occur in fine-grained sandstone. 
Similar features occur on the surface of layered halite o f salt pan. Saline Valley, 
California and are the result of desiccation (Hardie et al., 1978). Polygonally cracked 
surfaces due to desiccation, coupled with the presence o f bird tracks, are good indicators 
o f subaerial or shallow subaqueous environments with occasional subaerial exposure.
The most commonly observed facies in the Echo Wash I section are Facies 6 and 13 
(Table 2). Facies 2, 9,12, and 15 were also observed throughout the section.
Figure 6: Photograph of polygonally cracked surfaces preserved as natural casts on the 
undersides o f a bedding plane. These desiccation polygons, up to 30 cm across, occur in 
fine-grained sandstone.
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Echo Wash II
The Echo Wash II measured section is dominated by medium- to coarse-grained 
sandstone (Figure 7), Bed thickness ranges from 5 to 45 cm. Contacts between beds are 
generally sharp and straight, although scoured and undulatory contacts also occur. 
Conglomerate and rare, 2- to 3-mm-thick tu ff beds are also observed in this section.
Sedimentary structures include load casts, normal-graded beds, reverse-graded beds, 
unidirectional and bidirectional cross laminations, and parallel laminations. Subaerial 
exposure indicators are common and include root casts, salt casts, and polygonally 
cracked surfaces. The most striking feature in this section is the occurrence o f stacked, 
elongate gypsum crystals forming palmate and radiating patterns.
The Echo Wash II section is dominated by a combination o f Facies 3,4, and 13 
(Table 2). Facies 1,6, and 11 are also present in the section.
Echo Wash III
The Echo Wash III measured section is comprised mostly o f siltstone and very fme- 
to medium-grained sandstone beds (Figure 8). Conglomerate, primary gypsum crusts, 
tuffs, and tuffaceous sandstone beds are also present. Bed thickness ranges from 10 to 40 
cm. Contacts between the beds are commonly sharp and erosional.
Sedimentary structures include planar lamination, unidirectional and bidirectional 
cross-laminations, rip-up horizons, and structureless beds. Subaerial exposure indicators 
such as mammal (camel) and bird tracks, polygonally cracked surfaces, root casts, 
euhedral, radiating gypsum crystals, and salt casts are common.
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Faciès 6 and 13 (Table 2) are the most common in the Echo Wash III section. Facies 
1 ,2 ,3 ,8 ,9 ,11, and 12 are also present throughout the section.
Callville Wash Section
Exposures o f the Thumb Member in Callville Wash are composed primarily o f 
sandstone and conglomerate with occasional siltstone, mudstone, and claystone layers. 
Bedding thickness ranges from 5 cm to 2 m. Conglomerates make up approximately 
30% of this section. Coarse- to fine-grained sandstone occurs as continuous tabular beds 
with soft-sediment deformational features such as flame structures, dish structures, 
convolute bedding, and load structures occasionally present. Green, meter-scale tu ff beds 
are located throughout the section. Subaerial exposure indicators such as mudcracks, 
raindrop impressions, root casts, and animal tracks (camel, canid, and bird) were also 
observed in this section.
Callville Wash is dominated by Facies 5, which is commonly associated with Facies 3 
(Table 2). Facies 1,2,6, 7, 8, 9, and 10 also occur throughout the section.
Lovell Wash Section
At this locality, the Thumb Member consists primarily of coarse-to-very-fine-grained 
sandstone and siltstone. Locally, small lenticular beds of limestone occur interbedded 
with sandstone. The limestone appears to be lithologically similar to the overlying Bitter 
Ridge Limestone Member and may represent the inception o f carbonate sedimentation. 
Although tu ff beds are not abundant in this section, they do occur in meter-scale lenses 
that pinch out laterally over just a few meters. A large debris flow  deposit.
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approximately 3 m thick, was also observed. Sedimentary structures include graded 
beds, parallel laminations, structureless beds, unidirectional and bi-directional cross 
lamination, and horizontal burrows. Deformational structures such as convolute bedding, 
dish structures, and load casts are common. Subaerial exposure indicators include root 
casts and bird tracks.
The Lovell Wash section is dominated by Facies 13 and 3 (Table 2). Facies 2, 8,13, 
and 14 were also observed.
Implications for a lacustrine oaleoenvironment
Bohannon (1984) interpreted the Thumb Member to represent an ancient lacustrine 
environment. He suggested that the parallel and continuous bedding that he observed 
throughout most o f the Thumb Member were likely deposited on a flat, even surface like 
a lake bottom, and that the primary gypsum beds (up to 20 m thick) were formed in 
standing water. The presence of the gypsum suggests saline, alkaline water. Bohannon 
(1984) did not report subaerial exposure indicators.
Fluvial deposition o f portions of the Thumb member is suggested by conglomerate 
and associated sandstone beds with uneven and discontinuous bedding (Bohannon, 1984). 
Thick deposits o f these lithologies probably represent alluvial fan accumulations which 
interfinger with the lacustrine deposited parallel sandstone (Bohannon, 1984).
My data and interpretations support the interpretation o f a lacustrine/fluvial 
environment. The absence o f a marine fauna indicates a continental origin. However, 
my observations of numerous subaerial exposures throughout the three measured Echo 
Wash sections as well as in the Callville and Lovell Wash sections indicate a perennial
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lake with periods o f evaporative contraction. Subaerial exposure indicators are relatively 
abundant and occur in distinct packages. The near-shore environment likely was 
subjected to fluctuations in water depth resulting in occasional periods o f subaerial 
exposure. Evaporation in this low-gradient, shallow-water environment would have 
caused a dramatic decrease in water level. Evidence for this is the presence o f root casts 
probably belonging to halophytic plant species which can invade drying areas o f saline 
lake beds (Hardie et al., 1978). Additional evidence o f fluctuating water levels is the 
presence o f mammal and bird tracks in fine-grained rocks, which are overlain by 
subaqueously deposited units. There is an absence o f paleosols, which also indicates that 
even though subaerial exposure occurred, it was short-lived.
Although many o f the beds in the Thumb Member are lenticular, bedding as a whole 
is laterally extensive. The units in Echo Wash are composed primarily o f medium- to 
fine-grained sandstone with local occurrences o f fine-grained sandstone to siltstone.
Typical sedimentary structures include groove casts, flute casts, rip-up clast horizons, 
load casts, flame structures, parallel lamination, ripple cross-laminations, convolute 
bedding, normal grading, rare reverse grading, and structureless units. These 
sedimentary structures, as well as the apparent lateral persistence o f the lenticular units 
and beds showing incomplete Bouma sequences, suggest that they were deposited by 
turbidity-like currents, which can blanket wide areas in large lakes (Talbot and Allen,
1996). In shallow lake environments, such deposits are commonly attributed to storm 
flooding as sediment-rich sheetwash rapidly deaccelerates as it enters shallow, standing 
lake water and forms turbidite-like deposits (Hardie et al., 1978; Van D ijk et al., 1978).
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In shallow basins within arid environments, wet intervals cause the formation of 
brackish lakes that may temporarily be suitable for animal consumption. Such wet 
intervals are followed by episodes of evaporative contraction that result in highly saline 
conditions. This accounts for the extremely low diversity o f organisms and little  
bioturbation seen in the described sections. It may also account for the stacked gypsum 
crystals in the palmate and radiating growth patterns. As evaporation continues, part o f 
the lakebed is exposed, and desiccation occurs allowing polygonally cracked surfaces and 
salt crystals (often seen as casts after dissolution) to form.
These lines o f evidence indicate that the Thumb Member was deposited in a shallow, 
saline, perennial lake, the margins o f which were periodically subaerially exposed due to 
decreases in water levels due to evaporation.
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CHAPTER 3 
TRACKSITES IN THE HORSE 
SPRING FORMATION 
In this chapter I systematically describe the tracksites where fossil mammal and bird 
tracks are found in the Thumb Member o f the Miocene Horse Spring Formation. The 
identification o f the tracks themselves are included in Chapter 4 and the interpretation of 
the tracks is discussed in Chapter 5.
Description o f the tracksites 
During this study 1 identified seven tracksites where fossil mammal (camel and 
carnivore) and bird tracks are found. Each track locality was assigned a number using 
“ UNLV”  as the abbreviation for the University of Nevada, Las Vegas and “HS”  for the 
Horse Spring Formation. A number was then added to create a unique locality number. 
The approximate location o f each tracksite is shown in Figure 2, but the exact locations 
are not given due to the possibility o f vandalism to the tracksites or the unauthorized 
removal o f specimens not already collected. Researchers who wish to study these 
tracksites further can contact the University o f Nevada, Las Vegas Department o f 
Geoscience for locality information.
Table 3 summarizes the types o f tracks found at each tracksite. Most tracks were not 
found in situ, but rather on large blocks o f rock that had fallen into a wash due to
22
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
Table 3: Summary track types found at each tracksite in the Horse Spring Formation.
HS-1 HS-2 HS-3 HS-4 HS-5 HS-6 HS-7
Bird X X X X X X X
Camel X X
Canid X X
Felid X
Other X X
erosional undercutting. When possible, the track-bearing block was traced back to the 
outcrop for further exploration o f that bedding plane. Where appropriate, latex molds 
were made, and replicas were created in the lab for further study o f the best-preserved 
tracks. Latex molds and replicas also provide a permanent record for future research.
Collected tracks were given a unique specimen number by adding an additional 
number to the locality number. For example, specimen number UNLV-HS-2-3 was the 
third specimen collected at site HS-2. See Appendix II for a complete catalog of 
collected track specimens. A ll collected specimens are deposited in the paleontological 
collections of the UNLV Department of Geoscience.
Vertebrate tracks may occur as either impressions preserved on the upper surface o f a 
bed (molds formed when the foot was impressed into the sediment), or as natural casts 
preserved on the bottom of a bed (formed when sediment filled the original footprint 
impression). Examples o f both impressions and natural casts occur in the Horse Spring 
Formation.
Site HS-1
This tracksite, located near Callville Wash and the Bowl of Fire, yielded both bird 
tracks and an enigmatic feature informally referred to as a “boatwake”  track (discussed
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further in Chapter 5). These tracks were found by searching fallen blocks in the wash. 
Figure 9 is a photograph o f the tracksite.
The site was discovered by a hiker named Doug Short who reported the bird tracks to 
Dr. Steve Rowland in the UNLV Department o f Geoscience. It was this report, 
combined with his knowledge o f camel tracks also occurring in this area, that motivated 
Dr. Rowland to suggest the study o f these tracks as an independent study to me while I 
was an undergraduate student. The discovery o f additional tracks stimulated more 
research, ultimately resulting in this thesis.
i
-A
Figure 9: Photograph o f tracksite UNLV-HS-1
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Site HS-2
The most diverse track assemblage of this study is found at the HS-2 tracksite, which 
is located in Callville Wash. Camel, bird, and canid tracks, as well as plant fossils are 
known from this site. Figure 10 is a photograph o f the tracksite. A ll specimens from this 
site occur on blocks o f fine-grained sandstone that have fallen into the wash. Due to the 
large size and weight o f the sandstone blocks that contain these tracks, most specimens 
were not collected.
Robert Reynolds, formerly of the San Bernardino County Museum, discovered the 
first known canid track o f this study at this site. I later discovered two additional canid 
track specimens at this site.
Figure 10: Photograph o f tracksite UNLV-HS-2.
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Site HS-3
Track locality HS-3 is the southernmost tracksite located in Echo Wash (Figure 11). 
Canid, bird, and felid tracks are present at this location (Kissell and Rowland, 1998), but 
not all on the same bedding plane. The canid tracks at this location are especially 
noteworthy; one o f the preserved trackways records a rotary gallop, a running gait used 
by canids (discussed further in Chapter 5).
Due to the large size and weight o f the sandstone block that contains the canid and 
bird tracks tracks, it was not collected. However, a portion o f the canid trackway was 
replicated. A  probable felid track, preserved as a natural cast on the underside o f a 
bedding plane, also occurs at this site but could not be collected.
S ’
É
Figure 11: Photograph o f tracksite UNLV-HS-3.
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Site HS-4
Specimens from tracksite HS-4, also located in Echo Wash, are exclusively bird 
tracks. Tracks occur on plate-like slabs weathering from a wash slope. They are 
preserved in fine-grained sandstone, with well-developed calcite cement that gives the 
rocks a limestone-like appearance. Figure 12 is a photograph o f the tracksite.
Very large bird tracks, up to 17 cm in length and 20.5 cm in width, are the largest bird 
tracks from this study area (Figure 29). They are rivaled in size by those reported from 
Death Valley’s Copper Canyon Formation (Santucci and Nyborg, 1999) and the Muddy 
Creek Formation near Glendale, Nevada (Lockley and Hunt, 1995). Smaller bird tracks 
also are found at this site, sometimes on the same bedding plane as the very large tracks.
Figure 12: Photograph of tracksite UNLV-HS-4 in Echo Wash.
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Site HS-5
Tracksite HS-5 is located in Lovell Wash. Like the HS-4 locality, only bird tracks are 
found at this site. They occur in situ in steeply dipping, nearly vertical beds with a fine­
grained sandstone lithology. Figure 13 is a photograph o f the tracksite.
The bird tracks are randomly oriented on the bedding surface. A ll o f the tracks are 
very similar, indicating that they were probably made by a large number o f birds o f the 
same gregarious species.
This site is near the Ore Car Mine. There are many abandoned and decaying building 
structures and old mine shafts near this site. One must be especially careful when 
exploring this tracksite.
Figure 13: Photograph o f tracksite UNLV-HS-5 in Lovell Wash. Note the steeply 
dipping, nearly vertical beds.
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Site HS-6
Like the tracksite HS-4, site HS-6 is located in Echo Wash. Two types o f bird tracks 
occur on plate-like slabs weathering from a wash slope. Figure 14 is a photograph o f the 
tracksite.
Small, web-footed and medium-size bird tracks occur as natural casts at this locality 
in fine-grained sandstone.
y  y - ' .
Figure 14: Photograph of tracksite UNLV-HS-6 in Echo Wash.
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Site HS-7
Track locality HS-7 is the northern-most tracksite located in Echo Wash. Figure 15 is 
a photograph o f the tracksite. Discovered while measuring the section for Echo Wash III, 
it is the only track locality in this study where a camel track was found in situ on a 
bedding surface. Bird tracks also occur at this locality. Gypsum crystals, salt casts, and 
polygonally cracked surfaces are present on the same bedding surface with bird tracks.
•r ■ ' ■ • , ■ • » y  : ■»«... .  J
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Figure 15: Photograph o f tracksite UNLV-HS-7 in Echo Wash.
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CHAPTER 4 
SYSTEMATIC PALEOICHNOLOGY
Although fossil footprints are sedimentary structures, distinctive morphologies are 
often repeated that permit some types of tracks to be consistently distinguished from 
others, and to be uniquely identified. To facilitate study and communication, such 
distinctive track morphologies are assigned names. However, the naming o f vertebrate 
tracks has sparked much controversy and discussion (Saijeant and Kennedy, 1973; 
Scrivner and Bottjer, 1986; Saijeant, 1990; Saijeant and Langston, 1994; Lockley and 
Hunt, 1995).
Based on arguments presented by Saijeant and Kennedy (1973), the International 
Code o f Zoological Nomenclature (ICZN) was modified in 1979 validating the use o f a 
Linnaean-style classification system for vertebrate trace fossils (Saijeant, 1990; Lockley 
and Hunt, 1995). The use o f a unique binomial name for a particular track morphology, 
referred to as “ ichnogenus”  and “ ichnospecies,”  is now widespread. This system 
parallels the ICZN code for body fossils, but it is a separate system not intended to imply 
an affinity to an osteologically-based or living taxon (Saijeant, 1990; Lockley and Hunt, 
1995; Saijeant and Reynolds, 1999). The use o f a Linnaean-style binomial nomenclature 
for invertebrate trace fossils had a similar history, but it is now in general use.
A consistent classification scheme for vertebrate tracks is still evolving. Scrivner and 
Bottjer (1986), and Saijeant and Reynolds (1999) adopted a system first proposed by 
Vialov (1966). I use this system in this study.
31
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Horse Spring Formation Tracks
Tracks in the Horse Spring Formation fa ll into two categories: mammalian (camelid 
and carnivore) and avian. For each category I present a brief discussion o f the history of 
study of Miocene tracks and descriptive terminology used, followed by the systematic 
paleoichnology.
1 have used Saijeant’s (1989) procedure for describing fossil vertebrate footprints, 
and have assigned the tracks to the appropriate ichnogenus and ichnospecies i f  the 
morphology o f the footprint has been previously described. In the case o f undescribed 
tracks, I have written a detailed description and given a tentative taxonomic assignment.
Camelid Tracks
Forty-five million years ago, camel evolution started in North America (Savage and 
Russell, 1983). The first report of North American camelid tracks (Pliocene in age) was 
from Texas (Johnston, 1937). Soon after, Curry (1939) reported Miocene camelid tracks 
from Death Valley. A lf (1959,1966) reported additional Miocene camelid tracks in 
California. These reports were relatively brief and were not complete scientific 
descriptions. It was not until Scrivner and Bottjer (1986) described camelid tracks from 
the Copper Canyon Formation in Death Valley that detailed descriptions and illustrations 
of camelid tracks appeared in the literature.
Saijeant and Reynolds (1999) expanded the literature o f North American Miocene 
camelid descriptions and noted that most camelid tracks exhibit a bidigital morphology 
that forms a heart-shaped pattern. Scrivner and Bottjer (1986) stated that camelid 
forefeet (manus) were consistently larger than the hind feet (pes), whereas Saijeant and
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Reynolds (1999) reported that the tracks o f camelid forefeet are consistently broader, but 
not always as long as the hind feet. Figure 16 illustrates the terminology applied to 
camelid footprints in this study.
Although living camelids are ungulates, they are not truly hoofed, digitigrade 
herbivores. They are distinguished from other artiodactyls by having a semi-digitigrade 
stance in which each limb is supported by two digits and a cushioning pad.
Interclavular
Gap
Claws
Proximal
Gap
Figure 16: Terminology used to describe camelid footprints in this study (modified from 
Sarjeant and Reynolds, 1999).
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CLASS M AM M ALIA 
ORDER ARTIODACTLA 
FAMILY CAMELID AE
Lamaichnum alfi Sarjeant and Reynolds, 1999
Figure 17
Description: Manus ovoid with short, blunt triangular claws; posterior broader than 
anterior, with interclavular and proximal gaps both v-shaped and nearly equal in size. 
Pes narrower than manus; v-shaped interclavular and proximal gaps, posterior broader 
than anterior.
Dimensions: Manus size ranges from 8.4-8.6 cm in length and 6.0-6.4 cm in width. Pes 
size ranges from 6.5-6.8 cm in length and 4.1-5.8 cm in width. The dimension range o f 
the manus is slightly larger than the type specimen, and the pes dimensions are slightly 
smaller.
Specimen Number: From site UNLV HS-2; specimen not collected.
Horizon and Locality: Thumb Member, Horse Spring Formation (Miocene, Barstovian 
LM A), Callville Wash, UNLV HS-2.
Lamaichnum macropodum Saijeant and Reynolds, 1999
Figure 18
Description: Pes almost oval in shape; posterior somewhat broader than anterior. Narrow 
v-shaped interclavular gap and indistinct proximal gap.
Dimensions: 13.2 to 17.2 cm in length by 9.1 to 12.0 cm in width. These dimensions are 
slightly smaller in size to the type specimens.
Specimen Number: From site UNLV HS-2-2; specimen not collected.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
35
Horizon and Locality: Thumb Member, Horse Spring Formation (Miocene, Barstovian 
LM A), Callville Wash, UNLV HS-2.
Figure 17: Lamaichnum alfi manus and pes. Manus 8.4 cm in length, pes 6.2 cm in 
length.
Figure 18: Lamaichnum macropodum pes. 17.2 cm in length.
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Lamaichnum etoromorphum Saijeant and Reynolds, 1999
Figure 19
Description: Manus roughly heart-shaped with poorly defined claws. Well-developed, 
elongate V-shaped interclavular cleft. Proximal gap covered by overlying sediment. 
Interdigital cleft not present.
Dimensions: Overall width 8.3 cm, length of D igit 111 (right) 11.6 cm, length of D igit IV  
(left) 11.7 cm. These dimensions are slightly larger than the type specimen.
Specimen Number: UNLV HS-2-3
Horizon and Locality: Thumb Member, Horse Spring Formation (Miocene, Barstovian 
LMA), Callville Wash, UNLV HS-2.
Remarks: Known only from a single, natural cast o f a footprint found on a piece o f float. 
Footprint is a natural cast.
Figure 19: Natural cast aï Lamaichnum etoromorphum manus. Specimen UNLV HS-2-3. 
Coin is 2.3 cm in diameter.
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Carnivore Tracks
The first record of tracks o f carnivorous mammals in the United States was made by 
Johnston (1937), who described carnivore tracks in the Pliocene o f Texas. Since then, 
Miocene carnivore tracks have been reported from the Copper Canyon Formation in 
Death Valley (Curry, 1941; Scrivner and Bottjer, 1986; Santucci and Nyborg, 1999) and 
from the Barstow and Avawatz Formations (A lf, 1959,1966), Saijeant, Reynolds, and 
Kissell-Jones (2002) reported an additional six ichnospecies o f Miocene carnivore 
footprints from the western United States, including one from the Horse Spring 
Formation.
Canid footprints are much less commonly reported worldwide than felid tracks, and 
no canid tracks had been reported from western North America until Saijeant, Reynolds, 
and Kissell-Jones (2002) documented the occurrence o f two types o f canid tracks, one 
from California and the other from the Horse Spring Formation in Nevada.
Fossil tracks from the late Tertiary with four digit impressions are usually interpreted 
to be felid traces if  the track is roughly equi-dimensional and does not have a pronounced 
bilateral symmetry, or as canid traces i f  they are elongated, bilaterally symmetrical, and 
have claw impressions (Saijeant, Reynolds, and Kissell-Jones (2002). Figure 20 
illustrates characteristics used to distinguish canid and felid footprints.
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Felid tracks show four toes without 
claws, appear round or at least wider 
than long, and have two lobes on the 
front on the main pad.
Canid tracks usually show claws, are 
rectangular in shape, and have one 
lobe on the front o f the main pad.
Figure 20: Characteristics o f canid and felid footprints (modified from Halfpenny, 1986).
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ORDER CARNIVORA 
FAM ILIY CANIDAE
Canipeda sp. B Sarjeant, Reynolds, and Kissell-Jones, 2002
Figure 21
Description: “ A relatively small, tetradactyl mammal footprint, plantigrade and o f 
ovoidal outline overall. Each digit bears a single pad, of elongate ovoidal outline. A t the 
apex o f each pad, the impression of a claw tip may be seen. Digits U-IV are directed 
forward, digit V slightly outward. Span o f digits narrow (33°). A broad gap separates the 
digital pads from metacarpal pads (or metatarsal pads); the latter is tri-lobed like a club 
(in the card-player’s sense) and gives indication o f metacarpal/metatarsal (Saijeant, 
Reynolds, and Kissell-Jones, 2002).”
Dimensions: Ranges in size from 5.9-6.2 cm in length and 4.1-4.3 cm in width.
Specimen Number: A) UNLV HS-2-1; B) From site UNLV HS-3; specimen not collected 
Horizon and Localitv: Thumb Member, Horse Spring Formation (Miocene, Barstovian 
LM A), A) Callville Wash, UNLV HS-2; B) Echo Wash, UNLV HS-3.
Remarks: Known from one exceptionally well preserved natural cast (UNLV-HS-2-1) 
and eighteen impressions o f poorer quality preservation (from site HS-3). Saijeant, 
Reynolds, and Kissell-Jones (2002) note that these tracks are similar in size and 
proportions to those o f a modem coyote and the African jackal. “Tomarctus," a small 
canid known from Barstovian Land Mammal Age sediments from southwestern North 
America (Savage and Russell, 1983; Munthe, 1998), is a likely candidate to have made 
this type o f track.
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Figure 21: A) Natural cast o f Canipeda sp. B (specimen UNLV-HS-2-1); B) Impression 
of Canipeda sp. B (from site UNLV HS-3; specimen not collected). Scales are in cm.
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FAM ILIY FELIDAE 
Felipedal sp. Panin and Avram, 1962 
Figure 22
Description: Tetradactyl mammal track, plantigrade, with four digital impressions.
Digital impressions do not appear to be in contact with the larger heel pad.
Dimensions: Not determinable, specimen on the underside o f an inaccessible bed, but are 
approximated at 6-7 cm wide.
Specimen Number: From site UNLV HS-3; specimen not collected
Horizon and Localitv: Thumb Member, Horse Spring Formation (Miocene, Barstovian
LM A), Echo Wash, UNLV HS-3.
Remarks: Known from a single, poorly preserved natural cast. Tentatively assigned to 
the inchogenus Felipeda based on its ovoidal digital pads and their semicircular pattern 
around the larger, main heel pad. The overall shape o f felid footprints also tends to be 
wider than long, opposite those from canids (Halfjpenny, 1986). Pseudaelurus is the only 
felid genus known from the Barstovian Land Mammal Age (Savage and Russell, 1983); 
its approximate dimensions (based on observation from outcrop) are compatible with it 
being the trackmaker o f this Felipeda? track.
Avian Tracks
Fossilized avian tracks have been widely reported from around the world, the first 
being from the Mesozoic o f the Connecticut Valley (Hitchcock, 1836), though later work 
indicated that they were dinosaurian in origin. Sarjeant and Reynolds (2001) report that
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Figure 22: Telephoto image o f a probable felid track. Dimensions not determinable due to 
specimen location on the underside o f an inaccessible bed but are approximately 6-7 cm 
wide. Examination o f the photo reveals a track wider than long, a trait characteristic of 
the cat family (Halfpenny, 1986).
the first Cenozoic bird tracks were described by Jules Desnoyers in 1859 near Paris, 
France.
Of the three general categories o f tracks in the Horse Spring Formation (camelid, 
carnivore, and avian), avian tracks have been the most widely reported and studied from 
other Miocene sites. Curry (1939,1941) reported bird tracks from the Copper Canyon 
Formation in Death Valley that were formally described and illustrated by Scrivner and 
Bottjer (1986). See also Santucci and Nyborg (1999) and Nyborg and Santucci (2000). 
Saijeant and Reynolds (2001) described thirteen new ichnospecies in eight ichnogenera 
of Miocene bird tracks from California. Miocene bird tracks have also been reported 
from Romania, Switzerland, and Hungary (Saijeant and Reynolds, 2001).
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Figure 23 illustrates the descriptive terminology used to describe avian footprints in 
this study. It is important to note that interdigital angles are determined by behavior and 
shape o f the digit, and also by the substrate -  the digits spread wider on softer sediment 
surfaces. This means that interdigital angle measurements are helpful in describing the 
track but should be used with caution in characterizing a certain morphotype (Saijeant 
and Reynolds, 2001). Also, though it may have been present on the trackmaker, digit I 
(the hallux) is rarely impressed when making a footprint (Saijeant and Reynolds, 2001).
D igit III
Digit IID igit IV
Digit III
D igit I
Digit II Digit IV
RIGHT
FOOTDigit I
LEFT
FOOT
Figure 23: Terminology used to describe avian footprints in this study.
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For the avian footprint dimensions given in the following descriptions, length is the 
distance between the end of the hind toe (digit I), or the heel i f  digit 1 is not present, and 
the tip of the middle toe (digit 111). Width is the distance between the tips o f digits 11 and 
IV.
Four of the five types o f bird tracks documented in this study have not been 
described before. Three are new ichnospecies of established ichnogenera. The fourth 
warrants a new ichnogenus and ichnospecies within an established Morphofamily.
CLASS AYES 
SUBCLASS NEORNITHES
Morphofamily Gruipedidae Saijeant and Langston, 1994
Alaripeda lofgreni Saijeant and Reynolds, 2001
Figures 24 and 25
Description: Small tracks with straight central toe (digit HI). Digits II and IV  slightly 
curved inward towards center digit 111. D igit 1 points backwards and is not always 
impressed. No indication of webbing present.
Dimensions: Range in size from 2.3-2.4 cm in length and 3.0-3.2 cm in width. Digits 11 
and rV are 1.3-1.7 cm in length, and digit 111 is 2.3-2.4 cm in length. D igit IV  is 0.3 cm 
in length. These tracks are slightly longer than the type specimen, and approximately the 
same width.
Divarication o f Digits: see Figure 24
Specimen Number: From site UNLV HS-2; specimen not collected.
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Horizon and Localitv: Thumb Member, Horse Spring Formation (Miocene, Barstovian 
NALMA), Callville Wash, UNLV HS-2
Remarks: On same block with camel tracks but on a different bedding plane.
Figure 24: Sketch to illustrate digital axes and interdigital angles of Alaripeda lofgreni.
Figure 25: Alaripeda lofgreni from site UNLV HS-2-2; specimen not collected. Scale in 
cm.
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Morphofamily Gruipedidae Saijeant and Langston, 1994 
New ichnogenus and ichnospecies 
Figures 26 and 27
Description: Small tracks with digits II-IV  always impressed and directed forward. Digit 
I is directed backwards, short and spur-like, and not always imprinted. No indication of 
webbing present.
Dimensions: Range in size from 1.6-2.8 cm in length and 1.7-2.7 cm in width. Digits II 
and IV  are approximately the same length (1.1-1.3 cm), and digit IH is roughly 1 cm 
longer than digits II and IV. D igit I is 0.6 cm in length.
Divarication o f Digits: See Figure 26 
Specimen Number: UNLV HS-1-1
Horizon and Localitv: Thumb Member, Horse Spring Formation (Miocene, Barstovian 
NALMA), Callville Wash, UNLV HS-1 and 2
Remarks: Although this track type is similar in morphology to those in the Morphofamily 
Avipedidae, the presence of digit I and the lack o f webbing seen in this track type are 
characteristic of the Morphofamily Gruipedidae.
I l l
IV
56”
Figure 26: Sketch to illustrate digital axes and interdigital angles o f previously 
undescribed bird tracks from the Morphofamily Gruipedidae shown in Figure 27.
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Figure 27: Previously undescribed bird tracks from the Morphofamily Gruipedidae. 
Specimen UNLV HS-1-1. Coin is 1.7 cm in diameter.
Morphofamily Avipedidae Saijeant and Langston, 1994 
Avipeda sp. A, Vialov, 1965, emend. Saijeant and Langston, 1994
Figures 28 and 29
Description: Very large tracks with digits II-IV  impressed. Some tracks show digits II 
and/or IV linked by slight webbing to middle digit III.
Dimensions: Range in size from 12-17 cm in length and 18-20.5 cm in width. Digits II 
and IV  are 5.6-10.1 cm in length, and digit III is 12-17 cm in length.
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Divarication o f Digits: see Figure 28 
Specimen Number: UNLV HS-4-1
Horizon and Localitv: Thumb Member, Horse Spring Formation (Miocene, Barstovian 
NALMA), Echo Wash, UNLV HS-4
Remarks: Lockley and Hunt (1995) suggest that similar sized and shaped tracks from the 
Muddy Creek Formation in Nevada are morphologically similar to tracks made by living 
Goliath herons and Maribou storks o f Africa.
m
Figure 28: Sketch to illustrate digital axes and interdigital angles o f Avipeda sp. A.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
49
Figure 29: Avipeda sp. A, specimen UNLV HS-4-1. Scale is 15 cm long.
Morphofamily Avipedidae Saijeant and Langston, 1994 
Avipeda sp. B, Vialov, 1965, emend. Saijeant and Langston, 1994
Figures 30 and 31
Description: Medium sized tracks with digits II-IV  impressed. Digits II and IV  linked by 
slight webbing to middle digit III.
Dimensions: Range in size from 4.0-4.3 cm in length and 5.5-6.5 cm in width. Digits II 
and rV are 2.9 to 3.3 cm in length, and digit III is 4.0 to 4.3 cm in length.
Divarication o f Digits: see Figure 30 
Specimen Number: UNLV-HS-6-1
Horizon and Localitv: Thumb Member, Horse Spring Formation (Miocene, Barstovian 
NALMA), Echo Wash, UNLV HS-6 (also HS 4 &  5)
Remarks: On same bedding plane as web footed track type. Anatipeda sp. A.
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Figure 30: Sketch to illustrate digital axes and interdigital angles of Avipeda sp. B
Figure 31: Avipeda sp. B, specimen UNLV HS-6-1. Track is 4.0 cm in length and 6.5 cm 
in width.
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Morphofamily Anatipedidae Saijeant and Langston, 1994 
Anatipeda sp. A, Panin and Avram, 1962, emend, nov 
Figures 32 and 33
Description: Small tracks with straight central toe (digit HI). Digits II and IV  curved 
inward toward center digit III, united proximally and linked by webbing, almost to their 
tips.
Dimensions: Range in size from 2.1 cm in length and 3.3-3.5 cm in width. Digits II and 
IV  are 1.3 to 1.5 cm in length, and digit III is 3.3 to 3.5 cm in length.
Divarication o f Digits: see Figure 32 
Specimen Number: UNLV HS-6-1
Horizon and Localitv: Thumb Member, Horse Spring Formation (Miocene, Barstovian 
NALMA), Echo Wash, UNLV HS-6
Remarks: Designated as “ Species A”  because all other formally described Anatipeda 
tracks are much larger in size. Sarjeant and Langston (1994) note that footprints in this 
morphofamily may have been made by members o f the Pelecaniformes (pelican family), 
Phoenicopteriformes (flamingoes), and Anseriformes (ducks, geese, and swans).
Figure 32: Sketch to illustrate digital axes and interdigital angles o f Anatipeda sp. A
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Figure 33; Anatipeda sp. A , specimen UNLV HS-6-1. Track is 3.5 cm wide.
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CHAPTER 5 
INTERPRETATION OF THE HORSE 
SPRING FORMATION TRACKS
This chapter is devoted to the description o f several significant tracks and trackway 
specimens from this study, and my interpretation o f the behavioral characteristics that 
they record. Camel, carnivore (canid), and bird tracks w ill be discussed, as well as plant 
fossils and a problematic fossil informally referred to as “ boatwake”  track.
Camel tracks
Camel tracks occur at two sites in the Horse Spring Formation (Table 3). Three 
ichnospecies o f camel tracks occur: Lamaichnum alfi, L  macropodum, and L  
etoromorphum. A t site HS-7 L  alfi occurs, and at site HS-2 all three ichnospecies occur.
Through comparison of foot morphologies o f known camelid taxa with fossil camel 
tracks, Saijeant and Reynolds (1999) tentatively assigned camelid taxa known from the 
skeletal record as probable trackmakers to each track type that they reported. Table 4 
summarizes the probable trackmakers of the Horse Spring Formation tracks.
Table 4: Summary o f probable trackmakers of each camel track type from the Horse 
Spring Formation.
Track Type Probable trackmaker
Lamaichnum alfi Procamelus spp.
Lamaichnum macropodum Aepycamelus spp.
Lamaichnum etoromorphum Pliauchenia spp.
53
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Bedding 
plane with 
bird tracks
Figure 34: Sandstone block with camel and bird tracks (from site UNLV HS-2; specimen 
not collected). Camel tracks o f Lamaichnum alfi and Lamaichnum macropodum and bird 
tracks Alaripeda lofgreni are present.
At site HS-2, two types o f camel tracks are preserved on a 1 x 2.5 m block of 
sandstone (Kissell et al., 1995). The top bedding surface on the block contains twenty- 
six camel tracks o f L. alfi and three tracks identified as L. macropodum (Figure 34). 
Some o f these camel tracks are oriented toward the right o f the slab, and others face 
toward the left. Based on the size and shape o f the tracks and each trackway 
configuration, up to four individual animals may have made the L  alfi tracks. A single 
individual likely made the L. macropodum tracks. Thus two species of camelids are 
interpreted to be represented by the tracks at this site. The orientation of the tracks 
suggests that several camels walked along the margins o f an ancient lake, perhaps using 
the lake as a water source.
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A few centimeters stratigraphically below the surface with camel tracks is a second 
bedding plane that contains sixteen bird tracks identified as Alaripeda lofgreni. Due to 
the large size and weight of the sandstone block that contains these tracks, it was not 
collected.
Canid Footprints
Reports o f fossil canid footprints are rare worldwide. With the exception o f a single 
canid footprint from the Barstow Formation, canid tracks from the Horse Spring 
Formation are the only reported Miocene canid footprints from western North America 
(Sarjeant, Reynolds, and Kissell-Jones, 2002).
Canid tracks occur at two sites in the Horse Spring Formation (Table 3). The first 
canid track {Canipeda sp. B) found in this study was discovered at site HS-2 (specimen 
UNLV-HS-2-1; Figure 21 A). It is a single print preserved as a natural cast in fine­
grained sandstone. Although claw marks are not conspicuous, I have interpreted this 
track as canid due to the fact that its overall shape is longer than wide, a trait 
characteristic o f modem canids (Halfpenny, 1986).
Two additional canid tracks {Canipeda sp. B) are also preserved at site HS-2. These 
canid tracks are not as well preserved as specimen UNLV-HS-2-1, and they are 
impressions rather than natural casts. They occur on a fine-grained sandstone block 
along with one camel track (L. alfi) and twenty-nine bird tracks (new, unnamed track 
type, see Figure 27) preserved on the same surface (Figure 35). Due to the large size and 
weight of the sandstone block that contains these tracks, it was not collected.
The canid tracks are deep impressions with slippage marks, indicating a soft, wet 
substrate was present when they were formed. The bird tracks are also relatively deep.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
56
m
Figure 35: Block o f sandstone with plant fossils and canid {Canipeda sp. B), bird (new, 
unnamed track type, see Figure 27), and camel (L. alfi) footprints (from site UNLV HS-2; 
specimen not collected). Scale is 10 cm long.
also suggesting a soft substrate. The camel track, in contrast, is very shallow, indicating 
a harder substrate was present when it was made.
The most significant specimen o f preserved canid tracks {Canipeda sp. B) is from site 
HS-3. The tracks are preserved on a 1 x 2.5 meter block o f fine-grained sandstone 
broken o ff into the wash. Due to the large size and weight o f the sandstone block that 
contains these tracks, it was not collected, although a resin replica was made o f a portion 
o f one trackway (specimen UNLV-HS-3-1).
The track-bearing bedding surface contains abundant bird tracks and three canid 
trackways. Bird tracks cover the entire bedding surface and have no apparent preferred 
orientation. Superimposed on the bird tracks are the three canid trackways. Two o f the
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canid trackways are grouped together near the middle o f the block (Assemblage A), and 
a third trackway (Assemblage B) occurs at one end o f the preserved surface (Figure 36). 
The third trackway, which apparently records a rotary gallop gait commonly seen in 
modem canids, presents a unique glimpse into the behavior of fossil canids not 
previously documented.
Canid track assemblage A consists of sixteen tracks (Figure 37-A) that are labeled 
A 1-A 16 in Figure 37-B. Some tracks are clearly oriented toward the left side o f the 
block (A2, A12, A14, and A15), and some are clearly oriented toward the right side of 
the block (A4, A5, and A 13). Track A3 is oriented upward on the tilted slab, apparently 
recording the animal changing direction. The other tracks in this assemblage are not 
distinct enough to determine which direction the animal was going. Because the tracks 
are all about the same size, the simplest interpretation is that the same animal made all o f 
the tracks in Assemblage A.
Canid track assemblage B consists of a single trackway, seven tracks long (labeled 
B1-B5 in Figure 38-A; B6 and B7 do not appear in the photograph). Tracks B2, B3, B4, 
and B5 form a c-shaped pattem that resembles the pattern made by a distinctive ranning 
gait common in modem canids called a rotary gallop (Figure 38-B). During such a 
gallop, the animal’s forefeet strike the ground immediately before the hind feet in an 
asymmetrical pattem, creating a c-shaped trackway (Figure 39). Tlie trackway from this 
study is apparently the first documentation of a rotary gallop in Tertiary canids (Kissell- 
Jones and Rowland, 2000).
The canid tracks each have four toes and distinct claw marks preserved. Based on 
size comparison to modem tracks, they are interpreted to have been made by to a coyote-
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Figure 36: Sandstone block showing two groupings of Canipeda sp. B canid trackways 
(Assemblage A and B). From site UNLV-HS-3. Specimen not collected.
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Figure 37; A) Canid track assemblage A consists o f sixteen tracks. From site UNLV-HS- 
3. Specimen not collected. B) Interpretive drawing o f canid track assemblage A labeling 
sixteen individual tracks. The black colored circles represent tracks oriented towards the 
right, the gray color represents tracks oriented to the left, and the white circles represent 
tracks not distinct enough to determine direction. Track A3 is oriented upward.
size canid, possibly Tomarctus (Sarjeant, Reynolds, and Kissell-Jones, 2002). Slippage 
marks are present, indicating a soft, wet substrate. These canid tracks are superimposed 
on abundant bird tracks. The combination o f a galloping canid, a canid changing 
directions, and abundant bird tracks, brings to mind an image o f one or more dogs
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Figure 38: A) Canid track assemblage B. Note the c-shaped pattem made by tracks B2, 
B3, B4, and B5. B) Schematic drawing o f rotary gallop pattem made by modem canids 
(modified from Halfpenny, 1986).
chasing birds. Altematively, it may have been a canid romping across a moist lake basin 
long after a flock o f birds had passed that way.
Canidae, the family o f dogs, first appeared in the late Eocene o f North America. 
Having evolved from plantigrade ancestors, canids became progressively more 
digitigrade through the Oligocene and Miocene, presumably adopting a more cursorial 
locomotory behavior (Wang, 1993). Modem canids are highly cursorial, being able to
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run fast and maneuver with great agility on flat ground. The rotary gallop is their fastest 
gait, and it is this gallop that allows modem canids to be effective pursuit predators, 
running at high speed over long distances.
The bone record does not allow us to determine when canids began to gallop, 
however there is anatomical evidence that they did not become pursuit predators until 
quite late, in the Plio-Pleistocene (Janis and Wilhelm, 1993). The trackway record is 
uniquely suited to providing evidence of the history of locomotor behavior, but gait- 
specific Tertiary carnivore trackways are very rare. The Horse Spring rotary gallop 
trackway, together with previous studies of canid evolution, suggests that by mid- 
Miocene time some canids were ambush predators who used a galloping sprint to catch 
birds and other small prey. The canid rotary gallop, having thus evolved for short sprints, 
was later adapted for longer distance pursuit predation.
2) Left forefoot j  
on ground '
3) No feet @ 
on ground '
1) Right forefoot 
on ground
4) Left hind foot 
on ground
5) Right hind foot 
on ground
Figure 39: Schematic drawing showing a canid’s foot movement when moving in a rotary 
gallop (Illustration by S. Rowland).
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Bird tracks
Bird tracks occur at all o f the Horse Spring Formation tracksites (Table 3). The most 
common type o f bird track in this study is a new, unnamed track type shown in Figure 27. 
Table 5 summarizes each type o f bird track found at each tracksite in the Horse Spring 
Formation. Figure 40 shows each track type to scale, which especially emphasizes the 
size difference between the smallest and largest bird tracks from the Horse Spring 
Formation.
Specimens containing two types o f bird tracks in this study are particularly 
noteworthy; one specimen has seventy-four small bird tracks preserved, all o f which are 
oriented in the same direction, and the other has the largest bird tracks documented in this 
study.
The small bird tracks are preserved on a block o f fine-grained sandstone measuring 
52 cm by 33 cm (specimen UNLV-HS-1-1). Found at site HS-1, it  was broken into 
eleven pieces that I reassembled and glued back together (Figure 41). The specimen 
contains seventy-four small bird tracks (a new, unnamed track type shown in Figure 27), 
all oriented in the same direction; possibly indicating gregarious behavior as the birds
Table 5: Summary of the types of bird tracks found at each tracksite in the Horse Spring 
Formation.
Alaripeda
lofgreni
New, unnamed 
track type 
(Figure 27)
Avipeda 
sp. A
Avipeda 
sp. B
Anatipeda 
sp. A
UNLV-HS-1 X
UNLV-HS-2 X X
UNLV-HS-3
UNLV-HS-4 X X
UNLV-HS-5 X X
UNLV-HS-6
UNLV-HS-7 X
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Alaripeda lofgreni
Sarleant and Reynolds, 2001 
Figures 24 and 25
Avipeda sp. B
Vialov, 1965, 
emend. Sarjeant and Langston, 1994 
Figures 30 and 31
New ichnogenus 
and ichnospecies
This Study 
Figures 26 and 27
Anatipeda sp. A
Panin and Avram, 1962, emend, nov. 
Figures 32 and 33
1cm
Avipeda sp. A 
Vialov, 1965, 
emend. Sarjeant and Langston, 1994 
Figures 28 and 29
Figure 40: Schematic drawings of each bird track type from the Horse Spring Formation. 
Each track is drawn to scale, which especially emphasizes the size difference between the 
smallest bird tracks (a new, unnamed track type shown in Figure 27) and the largest bird 
tracks {Avipeda sp. A).
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Figure 41: Small bird tracks (a new, unnamed track type also shown in Figure 27) all 
oriented in the same direction; possibly indicating gregarious behavior as the birds moved 
in one direction. (Specimen UNLV HS-1-1) Scale is 15 cm long.
moved in one direction. Twenty-nine additional tracks o f this type occur at site HS-2 
(Figure 34). Although not all oriented in the same direction, several trackways (possibly 
from different individuals) are present, also suggesting gregarious behavior.
Very large bird tracks are known from the Horse Spring (Avipeda sp. A), Copper 
Canyon, and Muddy Creek Formations. Figure 42 is a photograph o f a specimen from 
the Horse Spring Formation. The tracks from these three formations are similar in shape 
and size (up to 17 cm in length and 20.5 cm in width).
Large birds, though not common in the Tertiary fossil record, are common today.
One large Tertiary bird is Diatryma, a ground-dwelling, flightless bird approximately two 
meters in height known from the Eocene. Patterson (1992) reported a single, 33-cm-long 
track from Eocene sediments in Washington state, possibly attributable to Diatryma. The
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Figure 42: Photograph o f very large bird tracks (Avipeda sp. A) from the Horse Spring 
Formation (specimen UNLV HS-4-1). Scale is 15 cm long.
track was later reported to be a hoax, but Lockley and Hunt (1995) examined 
photographs of the specimen and the tracksite locality, and they concluded that the track 
morphology is very similar to what a Diatryma track should look like and that it  is 
probably a genuine track. The dimensions are so large that it could only have been made 
by a bird the size o f Diatryma. However, this track, known only from a single specimen, 
w ill be under suspicion until more examples are discovered and properly documented.
The very large bird tracks from the Horse Spring, Copper Canyon, and Muddy Creek 
Formations are not as large as the alleged Diatryma track, and are different in shape. 
Lockley and Hunt (1995) state that the tracks from the Muddy Creek Formation are the 
largest undisputed bird tracks up to that point in the Tertiary (late Miocene). Tracks from 
the Copper Canyon Formation, reported by Santucci and Nyborg (1999), are similar in 
age to those o f the Muddy Creek Formation. The Thumb Member o f the Horse Spring
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Formation is slightly older (middle Miocene) than both the Muddy Creek and Copper 
Canyon Formations. The older age o f the Horse Spring Formation therefore makes the 
very large bird tracks (Avipeda sp. A) from the Horse Spring Formation the oldest 
undisputed bird tracks o f this size currently known from the Tertiary.
Other fossils
Two other types of fossils from this study deserve mention: plant fossils and a 
problematic fossil informally referred to as a “boatwake”  track.
Site HS-2 is the only track locality in this study where plant fossils are found. 
Preserved in fine-grained sandstone, they have a reed-like structure and resemble modem 
cattails (Figure 43). Specimen UNLV HS-2-5 with canid, bird, and camel footprints also 
has pieces o f cattail-like plant fossils preserved on the track-bearing surface.
Cattails (Family Typhaceae) generally grow where water depth is only a few 
centimeters, indicating a near-shore environment. Axelrod (1985) reported similar fossils 
from the Miocene Middlegate and Monarch M ill Formations from the Middlegate Basin 
in west-central Nevada.
A track-like feature of unknown origin has been informally termed a “boatwake” 
track. This name was coined by Archer and Maples (1984), who figured a feature from 
the Pennsylvanian in Indiana. The Raymond A lf Museum in Claremont, California also 
has a “boatwake” track on display from the Miocene Copper Canyon Formation in Death 
Valley.
The Horse Spring Formation “ boatwake” track is preserved in fine-grained sandstone.
It consists of seven well-preserved, v-shaped markings nested together and up to five
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additional markings are poorly preserved (Figure 44). Archer and Maples (1984) 
interpreted this type o f structure to be formed by a fish or an arthropod that swam rapidly 
across the surface o f shallow, ponded water. I consider the Horse Spring Formation 
specimen to be problematic.
Figure 43: Cattail-like fossil (Specimen UNLV HS-2-7). Scale in centimeters.
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Figure 44: “ Boatwake”  track showing seven well-preserved v-shaped markings nested 
together (Specimen Number UNLV HS-1-2).
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CHAPTER 6 
REVIEW OF MIOCENE TRACKSITES 
IN THE WESTERN UNITED STATES 
A total o f eight track-bearing units, including the Horse Spring Formation, are known 
from the Miocene o f the western United States: the Ash Hollow Formation, Avawatz 
Formation, Barstow Formation, Copper Canyon Formation, Horse Spring Formation, 
Muddy Creek Formation, Ogallala Formation, and the Ridge Route Formation (Figure 
45). Table 6 summarizes the location, age, paleoenvironment, sedimentology, known 
tracks, and probable track makers at each of these locations. See Appendix III for more 
detailed descriptions o f each track-bearing unit.
.AH
M C
RR HS
A V
Figure 45: Geographic Distribution of the eight known Miocene track-bearing units in the 
western United States (AH-Ash Hollow Formation; AV-Avawatz Formation; B-Barstow 
Formation; CC-Copper Canyon Formation; HS-Horse Spring Formation; MC-Muddy 
Creek Formation; O-Ogallala; RR-Ridge Route Formation).
69
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
■ o
I  
s
Û.
■a
CD
(/)
CO
o '3
Table 6; Summary o f the location, age, paleoenvironment, sedimentology, known tracks, and probable track makers from Miocene 
tracksites in the Western United States.
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Location Age Interpreted
Paleo­
environment
Sedimentology Track
Types
known
Probable 
Track Makers
References
Ash Hollow 
Formation
Nebraska Late Miocene Lacustrine Claystone Camel
Horse
Camel;
Megatylopus
Leite, 1990
Avawatz
Formation
Southern
California
Early-Middle 
Miocene 
21-11 Ma
Playalake Friable 
sandstone and 
clay layers
Small
camel
Large
camel
Antelope
Bear-Dog
Small Camel: 
Procamelus 
Large Camel: 
Alticamelus 
Bear-Dog: 
Osteoborus
A lf, 1959; 
Spencer, 1993; 
Brady, 1984
Barstow
Formation
Southern
California
Middle 
Miocene 
16-15 Ma
Lacustrine Mud-cracked
tuffaceous
Sandstone,
Mudstone
Camels
Bear-Dog
Felid
Bird
Small
carnivore
Artiodactyl
Camel: 
Procamelus or 
Protolabus 
Bear-Dog: 
Amphicyon 
Felid: 
Pseudaleurus 
Carnivore: 
Tephrocyon 
Artiodactyl: 
Merycodus
Lewis, 1964; 
A lf, 1966; 
Sarjeant and 
Reynolds, 1999 
and 2001
(Table continued on next page)
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Copper
Canyon
Formation
Death Valley Late Miocene 
10-7 Ma
Playa lake Siltstone
Mudstone
Sandstone
Camels
Bird
Felid
Canid
Proboscidean
Horse
Camel:
Procamelus,
Megatylopus
Felid;
Pseudaleurus
Proboscidean:
Mastodon
Horse:
Dinohippus,
Hipparion,
Neohipparion
Scrivner and 
Bottjer, 1982 
and 1986; 
Santucci and 
Nyborg, 1999
Horse Spring 
Formation
Southern
Nevada
Early-Middle 
Miocene 
16.2-13.2 Ma
Lacustrine Sandstone
Mudstone
Siltstone
Camel
Bird
Canid
Felid?
Camel:
Procamelus,
Aepycamelus,
Pliaiichenia
Canid:
Tomarctus
Felid:
Pseudaleurus
Kissell et al., 
1995; 
Kissell, 1998;
Kissell and 
Rowland, 1998 
and 2000; 
Sarjeant et al., 
2002
Muddy Creek 
Formation
Southern
Nevada
Late Miocene 
10-6 Ma
Lacustrine Not Listed Camel
Bird
Ursid
Not Listed Lockley & Hunt, 
1995; Sarjeant 
and Reynolds, 
1999; Sarjeant et 
al.. 2002
Ogallala
Formation
Eastern New 
Mexico
Middle 
Miocene- 
Pliocene 
12-4 Ma
Lacustrine Mudstone Felid
Canid
Camel
Artiodactyl
Not Listed Williamson and 
Lucus, 1996
Ridge Route 
Formation
Southern
California
Late Miocene 
9-5 Ma
Lacustrine Sandstone
Mudstone
Siltstone
Bird
Mammal
Not Listed Link, 1982; 
Wood and Link, 
1987
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Discussion
The Avawatz, Barstow, and Horse Spring formations range from the early to middle 
Miocene, and the Copper Canyon, Muddy Creek, Ride Route, Ogallala, and Ash Hollow 
formations range from middle to late Miocene (Figure 46). Similar track types are found 
at each location, and each track-bearing unit has a lithology indicative o f a lacustrine 
environment, often in a playa lake type setting. O f the eight Miocene track-bearing units, 
only the Barstow, Copper Canyon, and Horse Spring Formations have extensively 
documented vertebrate tracks.
The camelid track Lamaichnum sp. is known from the Barstow, Horse Spring, Copper 
Canyon, and Muddy Creek formations. Horse tracks (Hippieda sp.) are known 
from the Barstow and Copper Canyon formations. Although bird tracks are the most
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Figure 46: Miocene track-bearing units in the western United States showing age range 
and types o f tracks found in each formation.
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abundant and diverse type o f tracks found in most o f these formations, they do not 
correlate well; each unit seems to have a distinctive assemblage o f bird tracks. However, 
very large bird tracks o f similar shape and size are known from the Horse Spring, Copper 
Canyon, and Muddy Creek formations.
Camel and horse tracks are seen in the easternmost and westernmost track localities, 
indicating a wide geographic range o f the trackmakers. It is intriguing to note that 
although camel tracks occur in every Miocene track-bearing formation with the possible 
exception of the Ridge Route Formation (only “mammal”  tracks are reported), only the 
Barstow, Copper Canyon, and Ash Hollow Formations contain fossil horse tracks. The 
Horse Spring and Muddy Creek formations are geographically close to the Barstow and 
Copper Canyon Formations, yet fossil horse tracks do not occur in these units. Assuming 
that the tracks documented in this study are an accurate representation o f animals living 
in southern Nevada during the deposition o f the Horse Spring Formation sediments, the 
lack o f fossil horse tracks may indicate an environment not conducive to growing grassy 
vegetation that horses would feed on. Also, salinity levels o f the ancient lake may have 
been too high for horses to drink from while camels may have had a higher tolerance to 
saline water.
Elephant, bear-dog, canid, felid, and bird tracks are lim ited to the most western track 
localities. This distribution may reflect a bias due to the small data set and the fact that 
the three most extensively studied track-bearing units occur in the western United States. 
Further exploration and documentation of Miocene track localities is needed to accurately 
assess the distribution o f these track types.
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CHAPTER 7 
EMERGENCE OF AN ICHNOFACIES?
When ichnologists observe an assemblage o f traces produced by members o f a 
particular animal community that characterizes a distinct environment, they term this 
pattern an ichnocoenose (Lockley and Hunt, 1995). An ichnofacies is a trace fossil 
assemblage (ichnocoenose) that occurs repeatedly in association with a particular rock 
type. These terms have been used widely in the study o f invertebrate trace fossils, and 
they have also been applied to vertebrate trace fossils, especially dinosaur tracks.
As the number o f documented dinosaur tracksites has increased greatly over the past 
decade (over 450 sites in the western United States alone) ichnologists have compiled a 
database for analysis and interpretation (Lockley and Hunt, 1995) and have identified 
ichnofacies patterns. Two examples of ichnofacies that have been defined with dinosaur 
track data are 1) omithopod dinosaur tracks in limestone deposits associated with low 
latitude, semi-arid climates with distinct seasons, and 2) Brontopodus tracks associated 
with swampy, wetland deposits (Lockley and Hunt, 1995).
Although there are now only eight Miocene track-bearing units, with a combined total 
o f only about thirty tracksites, a promising pattern o f vertebrate track assemblages 
associated with lacustrine sediments is emerging. The Barstow, Copper Canyon, and 
Horse Spring Formations have well-documented vertebrate tracks associated with 
lacustrine sediments, and the remaining formations have similar track types that also
74
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occur in lacustrine deposits. An ichnofacies of Miocene mammal and bird tracks 
associated with lacustrine deposits is beginning to become apparent.
As the Miocene and other Tertiary track databases grow, it is reasonable to anticipate 
that ichnofacies patterns, behavioral patterns (such as herding as evidenced by parallel 
trackways), and population structure patterns o f herds (based on the size distribution of 
tracks), w ill become evident in the Tertiary record.
This study is intended to be a baseline study for future researchers o f the Tertiary 
track record to build upon. As Miocene and other Tertiary track data increase, so w ill the 
ichnologists’ ability to draw conclusions about the geographic distribution o f trackmakers 
not recorded by the skeletal record, the behavior o f trackmakers as recorded by their 
fossil footprints, and whether or not an ichnofacies o f mammal and bird tracks associated 
with Miocene lacustrine deposits truly emerges in these rock types.
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CHAPTER 8 
CONCLUSIONS
In this study I have;
1) documented vertebrate trace fossils from the Miocene Horse Spring Formation, the 
first extensively reported Barstovian fauna from southern Nevada. This information 
is particularly important for paleontologists because Miocene body fossils are rare 
from this area; no other record except the animals’ footprints are preserved to tell the 
story o f ancient animal life  in the region,
2) documented the occurrence of three camel ichnospecies (Lamaichnum alfi, L  
macropodum, and L  etoromorphum), one canid ichnospecies (Canipeda sp. B), five 
bird ichnospecies, four o f which are previously undescribed (Alaripeda lofgreni, 
Avipeda sp. A, Avipeda sp. B, Anatipeda sp. A, and a new, previously undescribed 
track type in the Morphofamily Gruipedidae), and the possible presence o f a felid 
track (Felipeda? sp.),
3) recognized a record of rotary gallop in Miocene canids,
4) recognized the oldest undisputed very large bird tracks known from the Tertiary, and
5) recognized a potential ichnofacies of mammal and bird tracks associated with 
Miocene lacustrine deposits.
76
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APPENDIX I
DETAILED DESCRIPTIONS AND INTERPRETATIONS 
OF STRATIGRAPHIC COLUMNS 
To better define the sedimentology and depositional processes o f the Thumb Member, 
I measured three sections in Echo Wash. A summary o f the sedimentology, sedimentary 
structures, subaerial exposure indicators, and stratigraphie columns o f each o f these three 
sections are provided in Chapter 2. Detailed descriptions and interpretations o f the 
sedimentology, sedimentary structures, subaerial exposure indicators are described in this 
appendix.
Echo Wash I
The Echo Wash I measured section is 9.5 m thick, consisting mostly of lenticular 
beds o f medium-grained sandstone ranging from 10-40 cm thick (Figure 4). Contacts 
between beds are sharp and distinct. The most common beds are 20-30 cm thick, 
composed o f wave-rippled, medium-grained sandstone at the base, and parallel laminated 
siltstones, indicating waning flow, at the top of the bed. Interbedded sandstone, siltstone, 
mudstone, and claystone also occur in the section, with parallel laminae within these 
Ethologies. One green tuffaceous sandstone bed was noted, as well as one 5 cm thick 
phyric tu ff that was pervasively rippled. Gypsum precipitate is common, and a 10-cm- 
thick primary gypsum crust occurs near the bottom of the section. The bottom 5 cm of
82
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this bed is pure gypsum that grades into a gypsiferous sand in the top 5 cm. Transported 
gypsum clasts and salt-cast crystals are common in the fine- to medium-grained 
sandstone beds.
Sedimentary structures include normally graded beds, parallel laminations, convolute 
bedding, load casts, and rippled medium-grained sandstone. Wave-ripple cross­
laminations are dominant throughout the section. One layer of structureless sand shows 
evidence o f possible bioturbation.
Subaerial exposure indicators such as root casts, bird tracks, and euhedral salt casts 
and crystals were also noted within this section. Also observed were polygonally cracked 
surfaces preserved as natural casts on the undersides o f beds (Figure 6). The polygons, 
up to 30 cm across, occur in fine-grained sandstone and may be desiccation cracks 
formed in the sand by a thin crust o f overlying gypsum. Similar features occur on the 
surface o f layered halite o f salt pan. Saline Valley, California and are the result of 
desiccation (Hardie et al., 1978). Coupled with the presence o f bird tracks, these 
polygonally cracked surfaces are probably good indicators o f subaerial or shallow 
subaqueous environments with occasional subaerial exposure.
The most commonly observed facies in the Echo Wash I section are Facies 6 and 13 
(Table 2). Facies 2,9,12, and 15 were also observed throughout the section.
Echo Wash II
The dominant lithology o f the Echo Wash II measured section is medium- to coarse­
grained sandstone, with some fine-grained sandstone units present (Figure 5). Bed 
thickness ranges from 5-45 cm, and contacts between beds are generally sharp and
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straight. Scoured and undulatory contacts, however, are not uncommon. A lens of 
conglomerate 1.5 m thick is exposed at the top o f the measured section and is composed 
o f very fine pebbles and occasional medium-grained sandstone lenses. Rare, 2-3 mm tu ff 
beds are also observed in this section. They are laterally extensive, making them 
excellent marker beds.
Sedimentary structures include parallel laminations, unidirectional and bidirectional 
cross laminations, load casts, normal-graded beds, and reverse-graded beds. The 
wavelengths o f the rippled units are generally very large with some values as great as 1.5 
m. However, centimeter-scale wavelengths also occur.
Subaerial exposure indicators are common throughout the section. Root casts, 
polygonally cracked surfaces, and abundant salt casts are present. The most striking 
feature in this section is the occurrence o f stacked, elongate gypsum crystals forming 
palmate and radiating patterns. These occur in some of the sandstone units and range in 
size from a few centimeters wide and long up to 20 cm wide and long.
The Echo Wash II section is dominated by a combination o f Facies 3,4, and 13 
(Table 2). Facies 1,6, and Hare also present in the section.
Echo Wash III
The Echo Wash III measured section is dominated by siltstone and very fine- to 
medium-grained sandstone beds (Figure 6). Conglomerate, primary gypsum crusts, and 
phyric tuff, aphyric tuff, tuffaceous sandstone beds are also present. Bed thickness 
ranges from 10.25-4 0 cm. Contacts between the beds are commonly sharp and 
erosional, while others are undulatory.
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Sedimentary structures include planar lamination, unidirectional and bidirectional 
cross-laminations, rip-up horizons, and structureless beds. Planar laminated beds 
dominate the section and occur in fine-to-medium- grained sandstone. These beds are 
frequently capped by unidirectional cross-laminated sandstone. In beds that contain well- 
defined crests and troughs, wavelengths range between 10-40 cm. Structureless beds of 
fine-grained sandstone are common; they contain salts casts and crystals in abundance 
from 3-20%.
The most diagnostic subaerial exposure indicator in this section is the presence of 
mammal (camel) and bird tracks. Polygonally cracked surfaces and euhedral, radiating 
gypsum crystals and salt casts commonly occur on the same bedding plane as the bird 
tracks. This allows the interpretation of these features to be used as indicators of 
subaerial exposure even when they are not in association with animal tracks. Root casts 
were also observed. Bidirectional cross-laminated sandstone beds occur on the same 
surface as small and medium bird tracks; these beds probably record wave action in a 
shallow subaqueous environment.
Facies 6 and 13 (Table 2) are the most common in the Echo Wash III section. These 
occur in association with each other and are repetitive throughout the entire section.
Facies 1,2, 3,8 ,9 ,11, and 12 are also present throughout the section.
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APPENDIX II
CATALOG OF HORSE SPRING FORMATION TRACK SPECIMENS 
Listed in this appendix are the track specimens collected during this study. I f  the 
specimen was not figured within the main text, a photograph is included here. A ll 
collected specimens are deposited in the paleontological collections o f the UNLV 
Department of Geoscience.
Site HS-1
Name: Bird Tracks, previously undescribed track type in the Morphofamily Gruipedidae 
Specimen Number: UNLV HS-1-1 
Pictured iu  text: Figure 27, page 47
Name: “Boatwake”  track 
Specimen Number: UNLV HS-1-2 
Pictured iu  text: Figure 44, page 68
Site HS-2
Name: Canipeda sp. B 
Specimen Number: UNLV HS-2-1 
Pictured in text: Figure 21, Pg. 40
Name: Lamaichnum etoromorphum 
Specimen Number: UNLV HS-2-3 
Pictured in text: Figure 19, Pg. 36
Name: Cattail-like plant fossil 
Specimen Number: UNLV HS-2-7 
Pictured in text: Figure 43, Page 67
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Site HS-3
Name: Casting o f canid rotary gallop, track type Canipeda sp, B 
Specimen Number: UNLV HS-3-1
Name: Canipeda sp. B 
Specimen Number: UNLV HS-3-2
Remarks: Figured in Sarjeant, Reynolds, and Kissell-Jones (2002) 
Pictured in  text: Figure 21, Page 40
Site HS-4
Name: Avipeda sp. A 
Specimen Number: UNLV HS-4-1 
Pictured in  text: Figure 42, Page 65
Name: Avipeda sp. A and Avipeda sp. B 
Specimen Number: UNLV HS-4-2
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Name: Avipeda sp. A 
Specimen Number: UNLV HS-4-3
Site HS-6
Name: Anatipeda sp. A  and Avipeda sp. B
Specimen Number: UNLV HS-6-1
Matured in text: Figure 31, page 50 and Figure 33, page 52
Remarks: Entire surface o f specimen shown here. Tracks shown in Figures 31 and 33 
are in the top left comer. Scale in centimeters.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX III 
DETAILED DESCRIPTIONS OF TRACKS FROM OTHER 
MIOCENE TRACK-BEARING UNITS 
Ash Hollow Formation
Tracks from a camel and probable horse tracks are preserved in the late Miocene Ash 
Hollow Formation in Nebraska (Leite, 1990). The camel tracks have displacement rims 
indicating a soft, wet substrate. A possible trackmaker is Megatylopus. Less defined 
tracks smaller than the camel tracks are attributed to horses. Both types o f tracks are 
found in a claystone that indicates a shallow water lacustrine conditions (Leite, 1990).
Avawatz Formation
Tracks of large and small camels, antelope, and bear-dog have been reported from the 
Avawatz Formation in Southern California (A lf, 1959). The tracks are oriented randomly 
indicating a possible water hole environment. Possible camel track makers have been 
attributed to Procamelus for the smaller camel tracks and to Alticamelus for the larger 
tracks (A lf, 1959). One of the three types o f carnivore tracks reported is possibly made 
from a bear-dog; a digitigrade manus and plantigrade pes are associated together may 
have been made by the bear-dog Osteoborus (A lf, 1959).
Sarjeant and Reynolds (1999) reported two types of camel tracks, Dizygopodium 
quadracordatum and Dizygopodium dorydium. Bird tracks including Avipeda gryponyx.
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Avidactyla vialovi, Charadriipeda recurvirostioidea, Anatipeda califomica, and 
Anatipeda alfi have also been reported (Saijeant and Reynolds, 2001). The felid track 
type Pycnodactylopus achras was also reported by Saijeant, Reynolds, Kissell-Jones 
(2002).
The early to middle Miocene Avawatz Formation ranges from 21-11 million years old 
(Brady, 1984; Spencer, 1993). A lf (1959) describes the tracks to be in sediments o f 
friable sandstone and clay layers. Ripple marks are associated with the tracks and a playa 
lake environment has been interpreted for the formation (Brady, 1984).
Barstow Formation
The first reported footprints from the Barstow Formation were o f camels, cat, bird, 
amphicyonid (bear-dogs), small carnivore, and an artiodactyl (A lf, 1966). Camel 
trackways and natural casts are attributed to either Procamelus or Protolabus, the bear- 
dog trackways are attributed to Amphicyon, and the cat prints are thought to be from 
Pseudaleurus (A lf, 1966). A lf (1966) reported that the small carnivore tracks are 
attributed to Tephrocyon (synonym with Tomarctus; Munthe, 1998) and the artiodactyl 
print is probably from Merycodus. Saijeant, Reynolds, Kissell-Jones (2002) reported the 
amphicyonid track type Hirpexipes alfi and the canid track type Canipeda sp. A.
Two types o f camel tracks, Lamaichnum alfi and Bijugopeda simplex, are also 
reported, as well as horse tracks Hippipeda araiochelata (Saijeant and Reynolds, 1999). 
Sarjeant and Reynolds (2001) reported one type o f bird track, Gruipeda becassi.
The middle Miocene Barstow Formation has been dated to be 16-15 million years in 
age (Lewis, 1964; A lf, 1966). A ll the tracks and trackways except for the bear-dog are
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found in mudcracked tuffaceous sandstone and some natural casts are found in limestone 
and volcanic ash (A lf, 1966). The bear-dog trackway is found in a friable, mudcracked 
mudstone layer that reveals ostracods in thin section (A lf, 1966). The Barstow Formation 
is thought to be of a lacustrine origin (A lf, 1966).
Copper Canvon Formation 
Tracks from the Copper Canyon Formation in Death Valley include camels, birds, 
carnivores, proboscideans, and horses (Scrivner and Bottjer, 1986; Santucci and Nyborg, 
1999; Saijeant and Reynolds, 1999; Nyborg and Santucci, 2000; Saijeant and Reynolds, 
2001). Camel tracks are the most commonly preserved type o f track in the Copper 
Canyon Formation (Scrivner and Bottjer, 1986). Scrivner and Bottjer (1986) reported 
four ichnospecies o f Pecoripeda (A-D) o f artiodactyl footprints; possible trackmakers 
include llamas and camels Procamelus and Megatylopus. Saijeant and Reynolds (1999) 
reported camel track type Lamaichnum etoromorphum.
Scrivner and Bottjer (1986) reported five ichnospecies (A-E) o f bird tracks in the 
ichnogenus Avipeda. Two of the track types were probably made by non web-footed 
birds similar to herons and storks. Another track type was possibly made by a wading 
bird, while another track type was probably made by a shorebird similar to a plover or 
sandpiper. The last track type was likely made by a web-footed swimming bird such as a 
duck or a goose (Scrivner and Bottjer, 1986). Santucci and Nyborg (1999) reported 
seven ichnospecies o f bird tracks in addition to those reported by Scrivener and Bottjer. 
One o f these track types is extremely large and appears to be o f similar size and shape o f
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Avipeda sp, A reported in this study from the Horse Spring Formation. Sarjeant and 
Reynolds (2001) reported the bird track type Alaripeda lofgreni.
Carnivore track types from the Copper Canyon Formation include felid and canid 
tracks. Scrivener and Bottjer (1986) reported five ichnospecies (A-E) to the ichnogenus 
Bestiopeda. Four species are thought to be o f a felid origin and are included in the 
subichnogenus Felipeda. A probable trackmaker is from the genus Pseudaleurus. The 
fifth  species is a canid-like track similar in morphology to the bear-dog track reported 
from the Avawatz Formation (Scrivner and Bottjer, 1986). Santucci and Nyborg (1999) 
reported an additional carnivore track type.
Proboscidean tracks, from the ichnogenus Proboscipeda, were reported by Scrivner 
and Bottjer (1986). The tracks are similar in morphology to modem elephants and 
similar shaped tracks from the Pliocene are thought to be o f a mastodon origin (Scrivner 
and Bottjer, 1986).
Three species o f horse tracks in the ichnogenus Hippipeda are recognized (Scrivner 
and Bottjer, 1986). The evolution o f horses by the middle Miocene produced some 
species with a reduced number o f digits to a single toe (like modem forms). Some had 
three toes though the outer two were so reduced that they would not be present in the 
tracks the animal made. Possible trackmakers include single-toed Dinohippus and three­
toed Hipparion and Neohipparion (Scrivner and Bottjer, 1986). Saijeant and Reynolds 
(1999) reported two types o f horse tracks, Hippipeda absidata and Hippipeda gyripeza.
This late Miocene aged formation ranges from 10-7 m illion years old (Scrivner and 
Bottjer, 1986). Tracks are present in sandstone and conglomerate beds, but most are 
commonly preserved in siltstones and mudstones (Scrivner and Bottjer, 1982).
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Mudcracks, raindrop impressions, and some ripple marks are also found in association 
with the tracks. The Copper Canyon Formation is interpreted to be a playa lake 
environment that records saline and freshwater episodes. The low abundance o f 
vertebrate tracks in the formation suggest that the animals were just passing though in 
search o f food and drink during freshwater phases of the lake (Scrivner and Bottjer,
1986).
Muddv Creek Formation 
Bird, camel, and carnivore tracks have been reported from the Muddy Creek 
Formation (Lockley and Hunt, 1995; Saijeant and Reynolds, 1999; Saijeant, Reynolds, 
Kissell-Jones, 2002). Although not described in detail, Lockley and Hunt (1995) 
reported three types of bird tracks from the Muddy Creek Formation. One o f the track 
types is extremely large and appears to be of similar size and shape of Avipeda sp. A 
reported in this study from the Horse Spring Formation. Lockley and Hunt (1995) 
suggest that the large tracks are comparable in size to tracks made by living Goliath 
herons and Maribou storks o f Africa.
Sarjeant and Reynolds (1999) reported one type of camel track, Lamaichnum 
obliquiclavum. It is thought that the species Alforjas or Hemiauchenia may have made 
this track type (Saijeant and Reynolds, 1999). A large ursid track type, Platykopus 
ilycalcator, was reported by Saijeant, Reynolds, Kissell-Jones (2002). These tracks are 
considered to the first reported occurrence of large, ursid tracks.
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Qgallala Formation
Williamson and Lucas (1996) reported felid, canid, and uncertain artiodactyl tracks 
and trackways from the Ogallala Formation in eastern New Mexico. One trackway was 
made by a carnivorous animal that did not make claw impressions in its track imprint.
This type o f track is generally interpreted to be made by a felid and is referred to as the 
ichnogenus Bestiopeda. Other tracks made by a carnivorous animal, although no claw 
impressions are preserved, are thought to be of a canine origin due to the morphology of 
the pad (a single lobe as seen in modem examples). They are referred to as the 
ichnogenus Chelipus (Williamson and Lucas, 1996).
Another type o f track is assigned the ichnogenus Gambapes (sp. A). The trackmaker 
is thought to be a large camel and the tracks have indications of a fleshy pad (prints are 
convex as opposed to being flat). Two o f the prints in the trackway have marks showing 
evidence o f slippage. Gambapes sp. B is assigned to tracks similar in shape to species A, 
but are smaller and have a continuous interdigital space. They do not indicate a fleshy 
pad as the base o f the prints are flat. The tracks may have been made by a large antelope 
or a medium sized primitive camel (Williamson and Lucas, 1996).
The middle Miocene-Pliocene Ogallala Formation ranges from 12-4 m illion years old 
(Williamson and Lucas, 1996). The tracks are preserved as infillings in a conglomerate 
at the base o f the formation so the tracks are likely to be of a middle to early Miocene age 
(Figure 7). The tracks were originally made in a mudstone layer that records well- 
developed mudcracks, burrows, and raindrop impressions. Evidence o f a soft, wet 
substrate at the time of trackmaking are a deep depth o f tracks and slippage marks 
(Williamson and Lucas, 1996).
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Ridge Route Formation 
Late Miocene in age, the 9-5 m illion year old Ridge Route Formation in southern 
California has yielded both bird and mammal tracks (Link, 1982; Wood and Link, 1987). 
The tracks occur in well sorted, low angle cross bedded sandstone interbedded with 
mudstones, siltstones, and carbonates (Wood and Link, 1987). It is interpreted to be a 
shallow lacustrine deposit formed in a brackish water environment (Link, 1982). Local 
desiccation is marked by the presence o f mudcracks and shallow water depth is indication 
by abundant wave ripples (Link, 1982).
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